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EFFECT OF FIELD POLARITY IN GUIDING SALMON FINGERLINGS

BY ELECTRICITY

U. S.

by

H. William Newman
Fish and Wildlife Service
Seattle, Washington

ABSTRACT

The relation of field polarity to fish guiding effectiveness was tested under

controlled laboratory conditions by using a single -row electrode array sequentially

energized so that: (1) positive polarity was always toward the upstream end, (2) posi-

tive polarity was always toward the downstream end, and (3) polarity alternated to

cancel out polarity orientation. No difference in effectiveness was found demonstrat-

ing that fish guiding was due to avoidance rather than to electrotaxis. Variability,

measured as variance, decreased as sample size increased but the mean effectiveness

was similar for fish release lots of 15, SO, and 100 fish each.

INTRODUCTION

The practical application of electrical
guiding to the protection of downstream
salmon migrants requires a large amount of
basic information on the reaction of fish to

electrical fields. To provide this back-
ground information the U. S. Fish and Wild-
life Service has been conducting laboratory
research on the lethal effects of electric-
ity (Collins et al. 1954), the effect of
electricity upon reproductive ability —

,

the relative effects of various patterns of
interrupted direct current in the control of
fingerling movements — , and the effective-
ness of several types of electrical arrays

1/ Maxfield, Galen H., and Kenneth Liscom.
Manuscript in preparation. "The effect
of electricity on reproductive ability
of rainbow trout."

2/ Volz, Charles D, Manuscript in prepa-
ration. "Effectiveness of interrupted
d.c. in the control of salmon fingerling
movements."

in diverting salmon fingerlings (Trefethen

1955), Raymond (1956) measured the effect

of pulse duration and frequency in guiding

salmon fingerlings.

The initial laboratory studies, meas-

uring the ability of a short segment of an

electrical array to divert fingerlings in

flowing water, were made with a narrow
directional field of pulsed direct current

aligned at a relatively small angle to the

direction of water flow (Trefethen 1955).

The field was created by two rows of elec-

trodes connected so that the upstream
electrodes were always positive. The elec-

trotactic response of the fish to the direc-

tional field between the rows of electrodes
resulted in the fish being diverted in the

desired direction. Several variations of
electrical arrays using this principle were
investigated. One of the chief disadvan-

tages of this type of array was its failure
effectively to divert fish of different
lengths. The high voltage gradients re-

quired to divert small fish were injurious
to large fish, while voltage gradients safe

and effective for large fish were ineffec-
tive for small fish. To overcome this



deficiency, a third row of electrodes was

added to create a zone of lov;er voltage

gradients on the upstream side of the array

to divert the large fish before they were

subjected to the high voltage required to

divert small fish. When placed in the

field, however, the result was a rather

formidable mass of electrodes that immedi-

ately raised questions of practicability

for large-scale installations.

Observations of fish behavior during

field experiments at Jenkins Creek in

1954 —^ indicated that a number of fish had

been successfully diverted without having

entered the field between the rows of elec-

trodes. Attention in the laboratory was

therefore shifted to a different type of

electrical field requiring only a single

row of electrodes. In laboratory tests the

single-row array proved to be as effective

as those with two and three rows. However,

the directional relationship of the field

to the water flow was so different from that

in the earlier arrays that the question was

raised whether the response was still due

to electrotaxis. If the reaction to the

field were simply one of avoidsmce of a dis-

agreeable stimulus rather than a reflex
reaction to the directional properties of
the field, it would allow much greater flex-
ibility in electrode pattern cind electrical
circuitry. If, on the other hsind, electro-
taxis were involved, knowledge was required

of the most desirable relation of field

polarity to the direction of water flow.

The major objectives of the tests

described here were to determine whether
reactions of the fish are caused by avoid-

ance or by electrotaxis, and if the latter,

to determine whether an upstream or down-

stream field polarity orientation is more

effective.

MATERIALS AND METHODS

2/ Hunter, Charles J. Manuscript in

preparation. "Experimental guiding of
salmonids by electricity, Jenkins Creek,

1955,"

DISCHARGES

Figure 1. --Plan of experimental tank.

The experiments were conducted in the

spring of 1955 in the tank (fig. 1) used by

Raymond (1956). In the experimental area

(14 by 17 feet) the depth of the running

water was 12 to 13 inches, A screened

baffle designed to produce
uniform water flow served to

keep fish from moving upstrecim

out of the experimental area;

screens also blocked the lower

ends of the trap area. The
traps were fitted with swing-

down gates which the operator
could release simultaneously.
Electric pumps of 1,000 gal-

lons per minute combined
capacity created a water flow
of approximately one-half foot

per second.

Although water tempera-

tures ranged from 57" to bS''

F, during the 12 days of the

experiment, the daily fluctua-

tion in temperature was less

than 2° F.

The test fish were year-

ling silver salmon (Oncorhyn-

chus kisutch) obtained from
the Washington State Depart-
ment of Fisheries hatchery at

Issaquah, Washington. They
ranged from 8.4 cm. to 12.9



Plywood



The short titles ate used in the remainder

of the text.

A,C. and Alternate Polarity are similar

(fig. 3) in that electrodss are constantly
reversing in polarity. A,C, and Alternate
Polarity differ in cyclic rate and wave

shape. D.C. and Pulsed D.C. are similar
because the electrodes remained at the same

polarity (fig. i). If polarity is not of
importance, these conditions may be expected

to be as effective as sequentially energized
arrays in which the field polarity remains

constant.

In these exploratory experiments, the

electrodes in the array were sequentially
energized (Positive Upstream sind Positive
Downstream) with pulsed direct current. The

current was applied to adjacent electrodes
in pairs in sequence from one end of the

array to the other, and after the last pair
of electrodes had been energized the sequence
started again with the first pair (fig. 4).

The positive electrode was always in the

sjime position relative to the negative elec-
trode regardless of the direction in which

the field moved (upstresun or downstream).
The direction of the movement of the field
was controlled through a switching unit.

When sequential switching is used, the
fish moving downstream with the water cur-
rent always encounter an array in which the
directional field is oriented at an aingle

to the direction of water flow, aind if
polarity of field is important, they will
be more effectively guided thain by other
types of arrays. In arrays using A.C.

,

D.C, Pulsed D.C, and Alternate Polarity,
the direction of field is different in dif-
ferent areas; in effect, it is half one
direction and half the other. In a sequen-
tially energized array, the direction of the
field polarity is constant.

The results of the two sets of prelimi-
nary trials are listed in table 1. These
trials gave an estimate of the comparative
effectiveness of the several types of ener-
gizing. Under the conditions used here,

Direction of

Electric Current

r®'
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Q-

PATTERN 1

.©^
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Water Flow
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Woter Flow

o
o

o
KxT Direction of
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0-

©'

.0^

,0
0-

PATTERlNl II

Direction of

Woter Flow

Direction of

Woter Flow

o
o

o
-0

f~^^^'^ Direction of

® Electric Current

SECOND PULSE

Figure 3. --Field polarity relations of a totally energized
array. A.C. and Alternate Polarity changed from pat-
tern 1 to pattern II continuously. D.C. and Pulsed
DC. produced either pattern 1 or pattern II, but not
both. Circles represent electrodes in the array.

Figure 4. -Sequential energizing with the positive polarity

always upstream. Only one pair of electrodes was ener-

gized with each pulse, and after the fourth pulse the

first pair was energized again--direct current was pulsed

in square waves; only two pulses are shown. Circles

represent electrodes. When the sequential energizing

was applied with the positive polarity downstream, the

pulses started at the upper end of the array and were

switched from pair to the lower end.



Table 1.—Exploratory tests of the guiding effectiveness of

six methods of energizing an electrode array.

Pulsed D.C. and a control should be used in

the main experiment, Alternate Polarity was

a better test of polarity than Pulsed D.C;

therefore, we omitted the latter.



RESULTS

The numbers of fish recovered in the

narrow channel for each treatment have been
summed and are listed with the total numbers

of fish recovered downstream for each treat-

ment :

Positive Upstreajn:

700 guided 1,607 total downstream

Positive Downstream:
735 guided 1,512 total downstream

Alternate Polarity:
681 guided 1,616 total downstream

The mean data, grouped by electrical
treatments and release lots (table 2), give
a comparison of the effects of the electri-
cal treatments and the three release lots.

These data were analyzed for differences
between treatments, days, and sample sizes.
Results show that fish group size and days
experiments were conducted had no effect on
guiding efficiency, but a significeuit dif-
ference was found in guiding efficiency by
type of treatment (table 3).

DISCUSSION AND CONCLUSION

Szunple Size

Control:
237 guided 1,502 total downstream

This relative guiding effectiveness is

portrayed in figure 5.

\///A Tolol Oownstreom

I I
Narrow Channel

Positive Alternote
Downstream Polarity

Control

Figure 5. - Relative fish-guiding effectiveness of three
methods of energizing an electrode array. The ef-
fectiveness is indicated by the ratio of the number
of fish in the narrow channel to the total number
recovered downstream. Totals for all release lots

are combined.

The daily behavior of the fish is

rather variable. This variability was
treated as variance (analyses in appendix)
with the figures grouped according to the
treatment by samples size (number of fish
downstream). In each case the variance
decreased from the 15-fish release to the
100-fish release, a relation portrayed in
figure 6.

^ i.

•



Table 2.—Mean effectiveness by classification with
respect to treatments and lot sizes.

Meaui effectiveness for all release
group sizes was not significantly different,
and we are assured that our previous sauries
of 50 fish were adequate.

Electrical Treatments

Group
Clot)
size



as to be non-orienting. No difference
could be detected among them in guiding

effectiveness, demonstrating that the effec-

tiveness of a single-row array is due to

avoidance rather than to electrotaxis.

When release lots of 15, 50, and 100

fish were used, a decrease in variance
occurred with am increase in size of fish
release groups. The mean effectiveness,
however, for all the release lot sizes was
similar.
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APPENDIX

The tables in this appendix contain

the experimental design matrix, the numbers

of fish and percentages recovered in the

narrow channel, and the arc sine transforma-

tion to make means and variance independent.

Tables of variance and average number re-

covered downstream are given also as they

serve as a basis for a graphic presentation

of their relation.

The experiment was a test of the rela-

tion of field polarity to the guiding

effectiveness of a single-row electrode array

and a means of measuring the variability of

the test fish.



Appendix Table 1.—Distribution of conditions and release numbers

(lot-^).

Days



Appendix Table 2 fruidinfr effectiveness of three methods of enersrizinfr

an electrode array as indicated by the ratio of the number of fish in

the narrow channel to th'' total number recovere 1 dovmstream, expressed

as a percentaire. Fish were released in lots of 15 each.

i'ositive Positive Alternate

Upstrea:n Dotmstream Polarity Control

oo d si (u pq cfl^ oo oJ^ V p5 jri^ a>

„ gll-SS ^^^-g^ ^^g-SS ^^;St3

1 11 2 18,2 li; 7 50.0 10 3 30.0 11 l 9-1

2 12 7 58.3 13 7 53-8 13 7 53-8 15 0.0

3 13 8 61.5 1^ 6 ii2.9 12 h 33.3 11 1 9-1

k 92 22.2 11 6 5i+.5 13 6 1+6.1 10 3 30.0

5 lit 3 21. i+ 11 k 36. li 12 3 25.0 13 1 7-7

6 13 6 U6.1 11 8 72.7 12 3 25.0 15 0.0

7 12 6 50.0 12 3 25.0 15 10 66.7 13 1 7.7

8 11 4 36.

U

10 3 30.0 11 h 36.

U

10 2 20.0

9 11 3 27.3 12 2 16.7 9 6 66.7 10 2 20.0

10 12 5 In.

7

8 2 25.0 11 8 72.7 12 2 I6.7

11 li^ 5 35.7 1^+ 7 50.0 13 ^ 30.8 12 h 33.3

12 12 6 50.0 11 i+ 36.it 11 9 81.8 13 3 23.1

All day ikk 57 39-6 l^il 59 ^^.8 U2 67 U7.2 11^5 20 13-8

11



ippendix. Tbble 3.—CuidiJiK effectiveress of three methods of energizinj;

an electrode array as indicated by the ratio of the number of fish in

the narrow channel to the total nur.ber recover*^ r'ov.'nstream, expressed

as a percentage. Fish were released in lots of 50 each.



Appendix Table ^.--Oiiidine effactivsneaa of three method.? of enerp:izin<^
an electrode arr»iy as indicated bv the ratio of the number of fish in
the narrow channel to the total number recovered dovmatream, expressed
as a percentage. Fish were roljaaad in lots of 100 each.

Positive Positive Alternate
UpBtream Dovnstreani Polarity Control

1 81+ 28 33.3 80 Uk 55.0 85 28 32.9 78 9 11.5

2 86 U3 50.0 89 k8 53.9 81+ 30 35.7 86 7 8.1

3 87 36 U3.7 80 55 68.7 91 35 ^2.9 76 8 10.5

k 83 39 1+7. 9^ 'i7 50.0 63 11 17.5 ^+9 9 18. i+

5 79 ^+7 59.5 89 3^ 38.2 82 16 19.5

6 88 38 1+3.2 77 39 50.6 88 i+l 1+6.6 77 5 6.5

7 85 38 1+1.7 80 36 1+5.0 89 3*^ 38.2 82 7 8.5

8 80 39 W.7 05 3C-' ^2.3 85 3I1 1+0.0 70 17 2I+.3

9 7^ 31 ^1.9 77 32 L1.6 77 31 itO.3 77 1^+ 18.2

10 78 33 ^2-3 76 31 '^0-8 86 35 ^^0.7 79 17 21.5

11 79 35 ^^.3 72 39 5'+.2 79 31 39-2 58 13 22.1+

12 76 33 '^3.'+ 71 32 1+5.1 79 3^ ^3.0 76 16 21.0

All day 979 kk2 k^.l 88I k39 49.8 995 382 38-^ 890 138 15.

5

13
INT. DUP.,D. 0.59- f3399



Appendix Table 5.—Recoveries in the narrow channel. Fiinires are anr^lea

transformed (arc sin ~/?~
) from percentage of total

number of fish moved dovmstream.

treaiwehts

Group size Day Upstream Dovpstream Alternating Control TotaJL

A - 15

B - 50

1
2

3
1*

5
6

7
8
9

10
11
12

Total

1
2

3
k

5
6

7
8

9
10

11
12

Total

1
2

3
1^

5
6

7
8

9
10
11
12

Total

Grand total

C » 100

25.25
'49-76

51.65
28.11
27.56
i+2.82

1+5. 00

37.11
31.50
i+0.22

36.69
^5-00

i+60.69

1*7. 6U

53.73
53.31
39.82
53.37
U6.43
i*'+.37

3iv.20

36.93
hQ.91

50.18
1+1.09

5^9.98

35. 2U

U5,oo
Ui.38
U3.28
50.1*8

1+1.09

1+1.96
ivit.31

1*0. 31+

iuD.57

^1.73
U1.21

506.59

1^5.00

1.7.21.

1+0.92

1+7.58

37.11
58.50
30.00
33.21
2I+.12

30.00
1^5.00

37.11
^75.79

39.82
56.23
51.59
1+1.78

1+2.82

1+7.12

1+2.1+2

33.83
33.71
^^3.39
i^5.75

^19.31

527.77

1+7.87

1+7.21+

56.0I+

1+5.00
I+I+.89

1+5.1+0

1+2.13

1+0.63

1+0.16

39.70
1+7.1+1

1*2.19

538.66

1517.26 15I+2.22

33.21
1+7.21+

1+5.00

1+2.82

30.00
30.00
5i+.76

37.11
5*+. 76
58.50
33.71
61+. 75
531.86

1+0.92

1+9.66
i+3.57

1+1.09

1+9.08

1+6.32

38.59
39.82
1+8. 01+

U7.87
i+3.57

38.9^
527.^7

35.00
36.69
1+0. 92
21+.73

38.17
i+3.05

38.17
39.23
39. ^n
39.61+

38.76
1+0.98

1+5^.75

1511^.08

17.56
00.00
17.56
33.21
16.11
00.00
16.11
26.56
26.56
21+.12

1+5.00

28.73
251.52

16.11

8.91
18.1+1+

18.72
18.1+1+

21.97
36.87
25.77
31.69
30.00
21.56
29.20

277-68

19.82
16.51+

18.91
25.1+0

26.21
11+.77

16.95
29.53
25.25
27.63
28.25

27.35
276.61

805.81

121.02
II+I+.26

155.13
151.72
110.78
131.32
l'^5.87

133.99
136.9'+

152. 8U

160. U)

175.59
1719.86

1I+1+.1+9

168.53
166.91
li+l.i+l

163.71
161.81+

162.25
133-62
150.37
170.17
161.06
158.51+

1882.90

137.93
11+5 •'+7

157.25
138.1+1

159.75
1I+I+.31

139.21
153.70
1U5.16
11+7.5^

156.15
151.73

1776.61

5379.37

14



Appendix Table 6.—Variance (S^) of behavior of test fish,
data grouped by size of release within
treatments

.

Release Upstrean Dovnstream Alternated Control

15
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